Within a norm sample of l,500 men and women, 17-94 
A. S. Kaufman and J. h Horn recognized from the outset of research on Gf-Gc theory (Horn, 1968; Horn & Stankov, 1982; Humphreys, 1967) . The problem is that to maximally reduce the acculturational influences of Gc in measuring the reasoning (at the extremes of complexity) of Gf, tests are constructed with figures, diagrams, and drawings, but such tests are likely to require exercise of visualization abilities. It has been shown, however, that the two broad abilities can be distinguished by constructing, first, a goodly variety of tests that are focused on features of reasoning --some tests using verbally stated concepts and auditorially presented stimuli --and similarly constructing other tests focused on measuring fluency in visualizing how the perspective on objects change as the objects move through space. The Gf and Gv factors are then found to have distinct relationships with other variables. In particular, the age relationships are different. In samples in which the averages for Gf decline steadily from the 20s onward, the averages for Gv follow a decidedly different pattern from early adolescence to the last years of adulthood (Horn, 1968; Horn & Cattell, 1967; Horn & Stankov, 1982; see Horn, 1985 see Horn, , 1991 , for reviews).
Thus, if the KAIT measure of Gf is really a measure of Gv, then the age differences should be those of Gv in previous studies, not the steady decline found for measures of Gf. This research was designed to provide evidence on this point, to examine the age relationships of KAIT-Gc, and to compare age relationships on KAIT-Gf and KAIT-Gc for men and women.
METHOD

Instrument
The Core Battery of the KAIT contains six subtests, three designed to measure Gc, three to measure Gf. An Expanded Battery of 10 subtests includes an alternate subtest for Gc, an alternate for Gf, and two subtests designed to measure delayed recall of information learned previously in the examination. These latter tests provide a measure of the long-term storage and retrieval (TSR) factor identified in studies of structure, mixed (over the short period of measurement) with SAR (Horn, 1991) . Each KAIT subtest yields scaled scores for which the M was 10 and the SD was 3 in the norm sample. The Expanded Battery contains measures of Gf and memory that are affected by neurological damage; it is intended for use in neuropsychological assessment.
In the present study, age changes were investigated for KAIT-Gc IQ, KA/T-Gf IQ, and for the subtests of each of these constructs.
The KAIT was normed on a sample of 2,000 individuals aged 11-85+ years, stratified on age, gender, ethnic group, educational attainment, and geographic region in the U.S. Educational attainment was estimated as parental education for ages 11-24 years, and as self-reported education for ages 25 and above. In the present study, focused as it is on adulthood development, the samples of persons under 17 years of age were excluded, leaving a sample of 1,500.
Mean split-half reliability coefficients for ages 17-85+ were .96 for both KAIT-Gc and KAIT-Gf. Mean test-retest reliabilities, based on 153 normal individuals in three age groups (11-19, 20-54, 55-85+) retested after a 1-month interval, were .94 for KAIT-Gc and .87 for KAIT-Gf. Mean subtest split-half reliabilities for ages 17-85+ for the eight subtests investigated in this study ranged from .79 (Memory for Block Designs) to .94 (Famous Faces) with a median coefficient of .90. Crystallized IQ correlated .72 with Fluid IQ for the total standardization sample of 2,000.
Results of factor analyses supported the construct validity of the Crystallized and Fluid Scales, and the placement of subtests on each scale, for each standardization age group and
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for a heterogeneous sample of 110 clinical patients (Kaufman & Kaufman, 1993, Chapter 8) . Two common factors, rotated in accordance with the oblimin criterion in each of six age groups between ages 11-14 and 70-85+ years and for the clinical sample, indicated KA1T-Gc defined by high loadings (typically in the .60s, .70s, and .80s) on the four Crystallized subtests and negligible loadings on the four Fluid subtests, and a KAIT-Gf with high loadings (typically in the .50s, .60s, and .70s) on the four Fluid subtests and negligible loadings on the four Crystallized subtests. The factors correlated about .70 in the clinical sample and in each age group between 11-14 and 55-69 years; in the sample aged 70-85+ this correlation was .56.
Below are brief descriptions of the subtests.
Measures of Crystallized Intelligence
Definitions. Figuring out a word based both on the word's configuration (it is presented with some of its letters missing) and a clue about its meaning (e.g., "It's awfully old. What word goes here? "_ N T _ Q _ _" Answer: ANTIQUE). In addition to measuring Gc, Definitions probably brings in the reasoning of Gf. The factor analyses indicated small secondary Gf loadings at ages 11-14 and 15-19 (mean Gc loading = .56, mean Gf loading = .32), but not at ages 20 and above (mean Gc loading = .86, mean Gf loading = .00 for ages 20-34 to 70-85+) (Kaufman & Kaufman, 1993, Double Meanings. Studying two sets of word clues, and then thinking of a word with two different meanings that relates closely to both sets of clues (e.g., "BAT" goes with "animal & vampire" and also with "baseball & stick"). This subtest has a Gf component in addition to Gc. In the factor analyses it had loadings on Gf and Gc at ages 11-14 and 15-19, but loaded predominantly on Gc for ages 20-34 to 70-85+ (mean Gc loading = .72 and mean Gf loading =. 13 in oblimin solutions for ages 20 and above) (Kaufman & Kaufman, 1993, Table 8.8) .
Famous Faces (Alternate). Naming people of current or historical fame, based on their photographs and a verbal clue about them (e.g., pictures of Lucille Ball and Bob Hope are shown, the person is asked to "name either one of these comedians"). As an alternate subtest, Famous Faces is not included in the computation of Crystallized IQ.
Measures of Fluid Intelligence
Rebus Learning. Learning the word or concept associated with numerous rebus drawings, and then "reading" phrases and sentences composed of these rebuses. In addition to measuring Gf, this task has a Gc component. It loaded .47 to .71 (mean = .56) on KAIT-Gf at ages 11-14 to 70-85+ (Kaufman & Kaufman, 1993, Logical Steps. Attending to logical premises presented both visually and aurally, and then responding to a question by making use of the logical premises (e.g., "Here is a staircase with seven steps. Bob is always one step above Ann. Bob is on step 6. What step is Ann on?"). This verbal test is a strong measure of Gf across the age range (overall loading of .66). It involves Gc only to a small extent (overall loading of .13) (Kaufman & Kaufman, 1993, Table 8.8 ). The result is quite consistent with the findings of Horn and his colleagues for common word analogies.
Mystery Codes. Studying the identifying codes associated with a set of pictorial stimuli, and then systematically figuring out the code for a novel pictorial stimulus by using deductive reasoning. Harder items are highly speeded to assess speed of planning ability, so the test involves Gs as well as Gf.
Memory for Block Designs (Alternate).
Studying a printed abstract design that was exposed briefly, and then copying the design from memory using six cubes and a rectangular formboard. In addition to Gf, this task requires SAR and Gv. It does not, however, contribute to Fluid IQ because of its status as an alternate subtest.
Subjects
The portion of the KAIT standardization sample aged 17-94 years (n = 1,500) provided the data for this study. The sample was divided into 13 fairly homogeneous age groups ranging from 17-19 to 75-94 years; sample sizes ranged from 86 to 150. Each sample (or pair of adjacent samples for ages 25-34, 35-44, and 45-54) was stratified according to 1990 projections and 1985 estimates of U.S. Census data on the variable of gender. Four b~uad age groups spanning the entire KAIT age range were stratified according to Census data on the variables of geographic region, educational attainment (years of schooling), and race or ethnic group (white, black, Hispanic, and "other"). To estimate educational attainment, parental education was used for ages 17-24 years, and self-education was used for ages 25 to 94. The breakdowns at each of the 13 age groups and the total sample by age, gender, race or ethnic group, and educational attainment are shown in Table 1 .
Procedure
In the published test, IQs (standard scores) having a M of 100 and SD of 15 are derived separately for different age groups. Such scores would not show age differences, of course. For the present study, therefore, a set of norms tables was developed over the entire adulthood sample to permit comparisons from age to age on a common yardstick. This norms group included all adults in the KAIT sample, that is, the 1,500 individuals between the ages of 17 and 94 years. These norms were developed separately for the four Crystallized and four Fluid subtests, and for each of the IQs, using the same procedures that were used for developing the KAIT norms for each age group (Kaufman & Kaufman, 1993, Chapter 7) . A M of 100 and SD of 15 were used for the IQs, and a M of 10 and SD of 3 were used for the subtest scaled scores. Raw scores on each subtest were first converted to scaled scores. Then, sums of scaled scores on the three Core Crystallized subtests were entered into the pertinent all-adult IQ norms table and converted to Crystallized IQ and the same procedure was followed for Fluid IQ.
Whenever representative samples of adults spanning a wide age range are tested in crosssectional design, older age groups tend to have less education, on the average, than younger age groups. This anticipated pattern is evident from Table 1 ; the age groups differed substantially in self-reported number of years of schooling. The average adult 25-54 years of age completed about 13 years of schooling (1 year of college or technical school), whereas the average 65-to 94-year-old did not graduate from high school (mean educational attain- Note. W = White; B = Black; H = Hispanic; O = Other (e.g., Asian American, American Indian). Education (highest grade completed) is based on parental education for ages 17-24 (average of mother's and father's education), and on self-education for ages 25-94. ment of 10-11 years). About 25% of 25-44-year-olds were graduated from college compared to 11% of 60-94-year-olds; and only about 4% of the former group had 0-8 years of schooling versus nearly 30% of the latter group. Educational attainment correlates with cognitive capability, of course (Kaufman, 1990; Matarazzo, 1972) . Mean IQs on the KAIT increased linearly with years of education: mean Fluid IQ ranged from 90 for 0-8 years of schooling to 110 for college graduates; for Crystallized IQ, corresponding mean values were 85 and 111. For individuals ages 25-94 years, KAIT Crystallized IQ correlated .60 with years of schooling, and Fluid IQ correlated .46 (Kaufman, McLean, & Kaufman, 1995) .
Removal of the variance due to the cohort variable of educational attainment was, therefore, essential to permit meaningful interpretation of age differences on the Gc and Gf variables in this study. For that reason, covariance analysis was employed to supplement the initial analyses that investigated age differences without consideration of education differences.
Data Analysis
The size of the samples for the 13 age groupings range from 150 to 86 (see Table 1 ). The proportions of women in these groupings range from .44 (ages 30-34) to .65 (ages 75-94); these proportions increase in a saw-toothed manner over the entire age range. These differences indicate the nature of the norming sample. In our society girls and women outsurvive boys and men at every age of life (Maddox, 1987) .
To examine the age relationships for G, multiple analysis of variance (MANOVA) was conducted using Age and Gender as independent variables and KAIT-Gf and KAIT-Gc as dependent variables. To examine separate age relationships for KAIT-Gf and KAIT-Gc, two univariate ANOVAs were run, again using Age and Gender as independent variables. Gender differences are controlled in these analyses. To additionally control for educational differences, MANCOVA and two univariate ANCOVAs, were conducted in the same manner as just described but covarying years of education.
The actual years of formal education completed by subjects was used for all individuals ages 25-94 years. For the younger ages of 17-24 years, parents' education was used as the index of educational attainment. It is reasonable to anticipate some regression effects caused by the use of parents' education (i.e., children's educational attainment is likely to regress to the mean for parents with very low or very high education levels). With this limitation in mind, it was nonetheless decided to use the blend of parents' education and self-education as the covariate because: (a) many individuals ages 17-24 years have not completed their formal educations, so their years of schooling is often misleading; and (b) the alternative of limiting the covariate analyses to ages 25 and above would have excluded the age groups that, in previous research, have demonstrated the highest levels of fluid ability.
These same procedures --MANOVA, MANCOVA, ANOVAs, and ANCOVAs --were repeated with each of the eight subtest scores. Because n = 28 individuals failed to complete one of the alternate subtests (Famous Faces), and it was desirable to have complete data on all the tests, the sample size for these analyses was 1,472. Age groups 17-19 through 50-54 each had missing data for up to two cases; in the age groups 55-59 through 75-94, the missing data was between three and five cases.
For judging statistical significance an alpha level of .01, rather than .05, was selected to offset chance effects that might accrue from conducting several analyses on a single set of data. Tukey's Honestly Significant Differences (HSD) and planned comparisons were run to guard against misinterpretations.
As Donaldson (1976, 1977) pointed out in criticisms of Schaie and Baltes' (1977) interpretations of omnibus ANOVA results as indicating age-cohort influences, omnibus ANOVA or ANCOVA allow both increases and decreases from an hypothesized monotonic trend line to be included in the between-group variance that provides the statistical basis for inferences about significant differences. Developmental hypotheses stipulate that for Gf there is increase in mean level from adolescence to young adulthood and decreases only (no increases) thereafter: Increases in this last period of development should contribute to the error term, not to the between-group variance. Similarly, developmental hypotheses for Gc stipulate (small) increases in means for the period through age 60 years, plateau, and then moderate decreases. Hypotheses, thus, dictate the following planned comparisons: F17 < F20 = F25 > F30 > F35 > F40 > F45 > F50 > F55 > F60 > F65 > F70 > F75 C17 < C20 < C25 < C30 < C35 < C40 < C45 < C50 < C55 < C60 = C65 > C70 > C75.
The increases and decreases from one adjacent age group to another in these comparisons are, as judged by past results, small. The increase for Gc in previous studies was no more than 1 SD over a 40-year period from 20 to 60 years of age; that's about 1/8 (i.e.,. 125) SD per 5-year period (Horn & Donaldson, 1980) . Similarly, the Gf decline over this period of adulthood was a bit more than 1/8 SD per 5-year interval. The size of sample needed to demonstrate significance (even at the .05 level) for differences between two adjacent age levels under these conditions is approximately n = 260 (Cohen, 1988) . Differences between adjacent ages are not expected to be significant at plateau and transition points. Under these conditions, often with samples in different age groupings as small as less than 200, with tests that are less than perfectly reliable and not entirely factorially pure (components of Gf in Gc and components of Gc in Gf), age differences are likely to be not significant (statistically); the developmental curves can look almost as if they are at plateau even when the curve hypotheses are true for factorially pure measures within the population. But while departure from curve hypotheses should be anticipated, and can well be understood to indicate fallibility of measurement and sampling errors, the correct tests of these hypotheses, nevertheless, are planned comparisons, in which the rises, plateaus, and falls for the Gc and Gf curves are specified in the model for analysis (Horn & McArdle, 1980) . If the omnibus main effects are in accordance with hypotheses, the results from these analyses will be essentially the same as results from planned comparison analyses. If there are saw-toothed effects, however, the omnibus tests may lead to erroneous conclusions; planned comparison analyses guard against this possibility. Also, these analyses and Tukey's HSD provide a basis for descriptively identifying precisely where the significant differences occur in a curve of change.
RESULTS
MANOVAs and MANCOVAs
With Fluid and Crystallized IQ measures as dependent variables, the main effect for Age was significant in the MANOVA (F = 29.17) and MANCOVA (F = 23.43). (Recall that we require a .01 level for significance.) Gender differences were not significant, nor was Age x Gender in the MANCOVA, although it was significant in the MANOVA (F = 1.92). In the analyses with the eight subtest scores, main effects for Age and Gender were significant in both the MANOVA and MANCOVA (F = 7.71 and 6.72, respectively, for Age and 19.33 and 19.32 for Gender). The Age x Gender interaction was not significant, however, with or without the covariate.
In these MANOVA and MANCOVA findings the KAIT-Gf and KAIT-Gc components are weighted to maximize age differences in a composite measure. In clinical practice composite measures are interpreted as indicating general intelligence --G or IQ. The findings here show decline in such IQ across the 17-94 year age range. The results indicate this trend when the eight subtests are weighted and IQ is based on the Expanded Battery as well as when IQ is based on only the KAIT-Gf and KAIT-Gc.
The findings of gender differences for the eight subtests, coupled with the lack of significant gender differences for KAIT-Gf and KAIT-Gc, indicate that before they are converted to KAIT-Gf and KAIT-Gc the subtest averages for men are slightly (but generally over all tasks) larger than the subtest averages for women. These differences are seen more clearly in the univariate analyses, considered next. Table 2 summarizes the results of the ANOVAs and ANCOVAs for the two IQs and eight subtests. Age was significant in each univariate analysis, both with and without inclusion of the education covariate. Gender was significant in two of the four tests for Gf markers and two of the Gc markers.
Univariate ANOVAs and ANCOVAs
Gender Differences
In both the ANOVAs and ANCOVAs, the difference between the means for men and women were significant for Famous Faces, Logical Steps, and Memory for Block Designs: men scored higher on each of these tests. The Gender difference was significant for Double Meanings, but only when education was controlled in the ANCOVA: On this test women scored higher.
Age x Gender interactions were significant in the ANOVAs for KAIT-Gc, Definitions, Auditory Comprehension, Double Meanings, Famous Faces, and Logical Steps. When education differences were statistically controlled, only the interactions for Definitions and Auditory Comprehension remained significant. These interactions reflect a finding of relatively high averages for women on Gc markers for ages 45 and older, but relatively low averages for women for ages 20 through 35.
Age Differences
Adjustments for Gender in the analyses of age differences ensure that neither the different proportions of men and women in the different age groupings nor the significant Gender differences or the Age × Gender interactions are responsible for significant age difference effects. Controlling for years of education further ensures that differences in this variable will not account for age differences. Means IQs (Gf and Gc) adjusted for these contaminants are presented in Table 3 along with the unadjusted means. A plot of the adjusted means is provided in Figure 1 .
It is seen in Figure 1 that Crystallized IQ increased slightly from late adolescence to middle age and was maintained through age 70 years. The only sizable drop occurred after this age. The figure illustrates, too, that Fluid IQ peaked at the 20-24 age grouping, was considerably lower for the group 25-29 years of age, dropped slowly but steadily for the next few groups up to the group aged 50-54 years, and then dropped more rapidly for the groups spanning the remainder of the life span. Table 4 provides information separately on men and women for the mean differences for Gf and Gc, both with and without adjustments for education differences. For these analyses, the total sample was divided into subsamples of n = 784 women and n = 716 men. The ns for some of the 5-year age groupings were not sufficiently large to provide dependable results (at least 50). To deal with this problem, adjacent 5-year groupings between 35 and 74 were combined into 10-year groupings. This ensured that every subgroup but one for Adjusted values for the total sample are also adjusted for the independent variable of Age.
In Table 5 separately for men and women the means and education-adjusted means by age are presented for the four Gc subtests. The plot of the education-adjusted means of this table are presented in Figures 2 and 3 . In Table 6 and Figures 4 and 5 the same kind of information is presented for the Gf subtests. Table 7 provides an overall summary of the mean differences for KA1T-Gf and KAIT-Gc adjusted for both Gender and Education. In this table for KAIT-Gc and KAIT-Gf, the means for 17-24-year-olds were separately subtracted from corresponding KAIT-Gc and KAIT-Gf means for each of the other age groupings. The units of measure in these differences are those of standardized IQs, M 100 and SD 15.
It can be seen in Table 7 that the order of the age differences for KA1T-Gf is the same as that specified in the planned comparisons for this variable. This is nearly the case, also, for KAIT-Gc, the difference being that the plateau occurs at 55-59 years rather than at 60-64 Note. W = Women, M = Men. Means for the total group are weighted education-adjusted means for the nine age groups. Table 8 . These results indicate plateaus of nonsignificant differences --i.e., segments along the age continua over which differences are not statistically significant. Solid lines extending under the means in this Note. Means adjusted for gender and education are listed for each of the 13 age groups from high to low within each IQ. A common line under two or more sample means indicates that they are not significantly different at the .05 level based on Tukey's test. Differences of 5.0 points (Crystallized) and 4.9 points (Fluid) are needed for significance at the .05 level. Differences of 5.7 and 5.6 points, respectively, are required for significance at the .01 level.
table indicate groups (ordered from largest mean to smallest) for which the mean differences are not significant at the .05 level.
The first line under the Gc averages indicates that the largest mean of 103.6 at age 45-49 is not significantly different from the mean of 100.4 at age 55-59 and all means inbetween --that is a plateau from age 20-24 to 55-59. The largest mean is significantly different from the means for the 17-19, 60-64, 65-69, 70-74, and 75+ groups. The next solid line indicates that the mean of 103.3 for age 40-44 is not significantly different from the means for groupings extending from 17-19 to 60-64, but is significantly different from the means for the 65-69, 70-74, and 75+ groups. The third line indicates that a mean of 102.0 at age 50-54 is not significantly different from means as small as 97.5 at ages 65-69, but is significantly different from the means of 96.2 and 90.1 at ages 70-74 and 75+. The fourth line indicates that the mean of 100.4 at age 55-59 is not significantly different from mean of 96.2 at age 70-74, but is different from the 90.1 mean at age 75+.
The first line under the Gf averages indicates that the two largest means (107.3 and 109.8) at ages 17-19 and 20-24 are not significantly different, but are different from the other means; that the mean of 104.2 at age 25-29 is not significantly different from the means for age groupings up through 50-54, but is different for the means for older age groupings; that the mean of 96.9 at age 55-59 is not significantly different from the means for the 60-64 and 65-69 age groupings, but is significantly different from the means for the two groupings of the oldest persons. Other lines under the Gf averages indicate the inflection point at age 20-24, between ages 17-19 and 25-29 (for which the difference between means is not significant), a plateau from age 35-39 through 50-54, and another fiat spot from age 60-64 through age 70-74.
These plateaus of insignificance result in part because the ns of the different age groupings are not large enough to detect small differences. But the results from the HSD analyses are consistent with the order of differences specified in the planned comparisons. The results from the HSD and planned comparison analyses refine the result from the omnibus analysis. Over all of these analyses the results are consistent with hypotheses stipulating the KAIT provides estimates of the Gf and Gc constructs identified in previous research.
Possible Race~Ethnic Confounding of Results
The KA1T norm sample was stratified on race/ethnic group within each of four broad age groups, but not in terms of the 13 age groups of this study: thus, race/ethnic differences would exist for these groups and the differences (see Table 1 ) could alter the mean differences. To check on this possibility, the ANOVAs and ANCOVAs conducted on the total samples for KAIT-Gc and KAIT-Gf were conducted on the subsample of 1,190 whites, the only subsample large enough to provide dependable results. The ns for the 13 age groupings within this sample ranged from 73 to 113. Adjusted for Gender and Education, the means for these analyses are shown in Table 9 . Here, it can be seen that the mean differences are very similar to the mean differences for the total sample. The significant age differences in this subsample are the same as in the total sample. The results, thus, indicate that race/ethnicity in the total sample did not distort the results.
DISCUSSION
The findings of this study indicate that for new tests constructed for the KAIT the age differences are as expected if the subtests and composite scales measure Gf, Gc, and G. The Gc tests measure knowledge and understanding derived from experience and acculturational learning in the dominant culture of the U.S. The Gf tests measure reasoning under conditions in which individual differences in acculturation are not a principal source of variance. The subtest and composite measures of Gf do not greatly require visualization. The age differences for these measures are in accordance with those previously found for Gf, not those found for Gv. The measures are also largely devoid of broad intellectual speediness, which can produce aging curves similar to those for Gf. The sum of the composite measures of Gf and Gc, and the sum of the subtest measures taken individually, provide a measure of G that is somewhat more loaded with Gf than Gc, but this, too, is largely in accordance with previous findings. In all, the evidence is consistent with hypotheses that the KAIT measures of 
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Gf, Gc, and G are indicators of the constructs of the theory of fluid and crystallized intelligence (up-to-date statements of which can be found in Horn, 1989 Horn, , 1991 Horn & Hofer, 1992; and Horn & Noll, 1993; see also Carroll, 1993) . Let us now consider these results in some detail.
Age-Related Findings
In accordance with results from much previous research, the results from these analyses of the Gf composite and Gf subtests of the KAIT indicate that, on average across samples of people, this form of intelligence reaches a peak in development in young adulthood and declines thereafter, at first quite gradually, but more rapidly as age progresses into old age. In the same samples of people for Gc subtests and for the Gc composite, on the other hand, the averages increase into young adulthood and at least do not decline through middle adulthood. These abilities also decline in the older ages.
Individual differences in education, gender, and ethnicity do not greatly alter the basic findings. As illustrated in Table 3 , control for education differences raises the Gf and Gc scores of the three oldest groups by between 3 and 5.5 points on an IQ scale: The largest increases are for Gc in the groups of the older persons. Gender differences do not at all account for Gc age differences and produce no more than 0.1 IQ point in the age differences for Fluid IQ at any age. Similarly, age differences associated with race/ethnicity are in no case larger than 0.2 IQ points and do not materially affect the basic findings.
The results of this study are, however, somewhat at variance with previous findings. The decline for KAIT-Gf beyond age 25 years is rather less steep than the decline found in the research directed by Horn (Horn, 1985; Horn & Cattell, 1966; Horn et al., 1981) and for the Performance Scale in many studies of the WAIS and WAIS-R (see Horn, 1972 Horn, , 1976 Jones, 1959; Kaufman, 1990; Kaufman et al., 1989; Matarazzo, 1972 , for reviews). In Horn's research the rate of decline of Gf in several studies averaged 3.63 IQ points per decade from ages 25 to 65 years; in the present results this rate is approximately 2.95. The difference between 3.63 and 2.95 would be significant in the Horn et al. (1981) studies based on ns of 105 to 240. Similarly, the age differences in the present study for Gc are somewhat different from those found in previous studies: here the averages for Gc are at a plateau through the period from ages 25 to 50 years, and decline from age 55 onward, whereas in Horn's research and in studies of the WAIS and WAIS-R the averages for many indicators of Gc have increased through age 65 years, with only gradual decline occurring after this age (see reviews cited immediately above and Woodcock & Mather, 1989) .
These differences in rates of change for the KAIT measures and the measures of previous research are not large, and they do not alter the basic conclusions of this study, but they appear to be statistically significant and large enough to warrant explanation such as might be sought with new research. The reasons for the differences may be found in the differences in the design and selection of tests in the different studies.
Constructed for use in clinical diagnosis, the KAIT tests were designed to be somewhat broader measures of Gf and Gc than the tests constructed or selected in research designed under the direction of Gf-Gc theory. In particular, The KAIT Gc tests were designed to include reasoning of a kind that can characterize Gf: The Definitions and Double Meanings tests in particular were designed to measure the processes of formal operations, which involve reasoning that can be developed under conditions of low press from acculturation. That Gf reasoning is involved in these tests is seen in the results from factor analyses of the KAIT: Definitions and Double Meanings have significant nonzero loadings on the Gf factor (Kaufman & Kaufman, 1993) . These Gf components in KAIT-Gc would damp the average increase in Gc that has been found in other studies. In Horn's studies, Gc tests have been designed to assess the kind of consolidation of learning that can occur with experience in living in a culture. The tests assess a wide range of the kinds of information and knowledge that one can acquire through everyday kinds of activities such as reading daily newspapers, listening to radio, watching television, going to the movies, and working in the jobs of our society. The KAIT measures of Gc were not designed to sample such knowledge as widely. Thus, for this reason they may not show the average increases with age that Gc measures in Horn's studies have shown.
Countering this reason, however, are the findings for Famous Faces. This test is similar in design to Horn's General Information, for which notable age increases have been found. Famous Faces does not contribute to the composite Gc measure of the KAIT because it is an alternate test, but it shows the same pattern of age differences as KAIT-Gc. The suggestion is that lack of breadth of sampling of the common information and knowledge of a culture may not be an explanation for the findings in this study of little increase in Gc measures over the vital years of adulthood. Further research is needed to explain the differences between these findings for Famous Faces and Horn's results with broad range measures of acculturation.
Just as the KAIT tests for Gc were designed to measure components of the Gf factor, so the KAIT tests of Gf were designed to measure aspects of Gc, and this very likely damps the estimate of decline in Gf in this study relative to the estimates in several previous studies. Logical Steps and Rebus Learning require verbal comprehension to a considerable extent, and Mystery Codes requires some of the skills that are encouraged in school learning. These Gc elements would make the decline in averages for the KAIT measures of Gf somewhat less steep than the decline found in Horn's research.
There is another possible reason for the difference in rate of decline found for the WAIS and WAIS-R Performance Scales. The latter very much involves cognitive/perceptual speediness, Gs, but Gs is not at all prominent in the KAIT measures of Gf. It is well established that Gs declines quite considerably over the entire adulthood period. This has been demonstrated within the Wechsler scales: Digit Symbol has the largest age-related decline of any of the Performance subtests (Birren & Morrison, 1961; McLean, Kaufman, & Reynolds, 1988) . It has been demonstrated in neuropsychological test batteries such as the Halstead-Reitan (Heaton, Grant, & Matthews, 1986 ). Horn and his colleagues have repeatedly found the decline in Gs to be larger (in standard score units) than the decline of Gf (Horn, 1985; Horn et al., 1981) . Thus, the early, striking age decreases in means on the Wechsler Performance Scale, compared to the smaller decreases observed for the KAIT Gf measures, may be due to the greater proportion of Gs speediness measured in the Performance Scale. Also, the speediness of the Performance Scale (notably Digit Symbol and Object Assembly) is largely psychomotor speed, whereas such speediness as KAIT-Gf involves (in Mystery Codes and Logical Steps in formal operational thinking) is in mental processing, not visual-motor coordination. In Horn's work, mental processing speed is linked to capacity for focused concentration, which he finds to be an essential component of Gf reasoning (Horn, 1985 (Horn, , 1991 .
The inclusion of subjects in this study that are both younger (17-19 years) and older (75-94) than the subjects in most studies of the WAIS and WAIS-R helps extend our understanding of the age relationships for measures of cognitive capabilities. At the youngest end of the age scale, the 17-19-year-olds averaged 98.5 on Gc and 107.3 on Gf (with adjustment for gender and education differences). At the other end of the age continuum, the corresponding averages were 90.1 and 85.4.
Looking in more detail at the means over all ages it can be seen ( Table 3 ) that both KAIT-Gc and KAIT-Gf decline in a statistically significant and accelerating manner in the period from age 65 years onward. The difference at this point between Gf and Gc is that Gf has already declined two-thirds of a standard deviation and Gc has not declined. For each ability from this age onward, however, the decline is about two-thirds of a SD (9 IQ points). Over one-half of this decline (5-6 IQ points) occurs for the oldest group (75-94 years), which, however, covers a very wide period of development.
These results indicating decline in the latest period of human development are consistent with those found in the standardization sample of the WAIS-R, through ages 70-74 (Kaufman et al., 1989) , and in the standardization of the WAIS-R for 226 elderly individuals ages 75 and above (Ryan & Paolo, in press; Ryan, Paolo, & Brungardt, 1990) . In the results of the present study we find that the decline after age 75 years is substantial. The results in this study for both Gc and Gf agree with results obtained at very old ages in the longitudinal studies of Schmitz-Scherzer and Thomae (1983) and the cross-sectional investigations of Ryan and Paolo (in press ).
Because of small subsamples within the 75-94 year range, it was necessary to include a broad 20-year age span in the analyses rather than the 5-year intervals used for all other age groups except the 17-19-year sample. The heterogeneous group of elderly individuals is a limitation of this study, especially in view of the considerable changes in IQ that are likely to occur between ages 75 and 94. To shed some light on this issue, mean scores on all Gc and Gf variables were computed for 5-year groupings (75-79, 80-84, 85-89, 90-94) . For this supplementary analysis, 123 individuals were included, rather than the 100 in the norms group, to produce the largest cell sizes possible. The 123 subjects comprise all individuals ages 75-94 for whom valid results were obtained, including those people who were excluded from the final normative sample in order to improve the match between the elderly sample and U.S. Census data on all stratification variables. The sample of 123 included the same proportion of women to men (65:35) as the norms group of 100 (see Table 1 ) and had similar distributions on the race/ethnic variable (91.9% white, 4.9% black, 2.4% Hispanic, 0.8% "other").
Means and SDs on the IQ scales and subtest scaled scores for ages 75-79 (n = 67), 80-84 (n = 29), 85-89 (n = 16), and 90-94 (n = 11) are presented in Table 10 (based on the "all adult" norms). As is evident, virtually no decline occurred on any Gf or Gc variable between ages 75-79 and 80-84, but substantial declines occurred at ages 85-89 and again at 90-94. These results, though quite consistent with the findings for samples of elderly individuals ages 75-79, 80-84, and 85+ on the WAIS-R Verbal and Performance IQs (Ryan et al., 1990, Table 2) , are speculative based on the small samples of individuals ages 85 and above in the present study. The Table 10 data are intended to provide a rough guide for interpreting decrements in Gf and Gc abilities within the broad 75-94 year category.
Note, however, that part of the age changes observed may relate to the mean education of the four subsamples, also shown in Table 10 : The 80-84 year group averaged more years of schooling than the 75-79 year group, and the two oldest subsamples had substantially less formal education than individuals ages 75-84 years.
Further KAIT research with larger elderly samples, similar to the WAIS-R standardization at ages 75 and above (Ryan & Paolo, in press) , is needed. If future research cross-validates the present findings with the small subsamples of elderly individuals, then the mean KAIT scores obtained for the total group of 75-94-year-olds in this study represents a slight underestimate of the abilities of people ages 75-84, and a substantial overestimate of the abilities of those age 85 years and older.
Gender Differences
The proportions of men and women at different age groupings differed in this study. These differences reflect real differences in U.S. Census proportions: longer life spans for Note. All IQs and scaled scores are based on the special "all adult" norms, ages 17-94, and are not adjusted for gender or educational attainment. The sample sizes for Famous Faces are slightly smaller at ages 75-79 (n = 65) and 80-84 (n = 27).
women than for men. To ensure that the different gender proportions did not contaminate the age differences, Gender was treated as an independent variable in ANOVA and ANCO-VA. This permitted analysis of main effects associated with gender as well as opportunity to observe any Gender x Age interactions, which was the main concern. No significant Gender x Age interactions were found for composite measures of Gf or Gc. Such interactions for Definitions and Auditory Comprehension --both measures of Gc --were significant both before and after control of education differences. These results indicate relatively high averages for women on these Gc markers for ages 45 and older, and relatively low averages for women for the ages 20 through 35 years. We have no highly plausible hypotheses or compelling explanations for these findings, and suggest that the findings should be replicated before making much of them. Interaction effects are well known to be difficult to replicate. Although significant, the effects are not large. Comparison of the adjusted and not adjusted means indicates that differences between men and women on subtests for which the interactions are significant are of the order of less than two IQ points.
The main effects for Gender suggest that on three of the KAIT measures --Memory for Block Designs and Logical Steps, both Gf markers, and Famous' Faces, a marker for Gc --males will score higher, while on one test (Double Meanings, a marker for Gc) women will score higher. Again, there is no empirically based theory that predicts these differences, and the differences are small. Our suggestion is that the results be regarded only as indications for what to look for in replicative research.
CONCLUSIONS
This information on the construct validity of newly constructed KAIT measures of fluid, crystallized, and general intelligence is consistent with current theory about human cognitive capabilities. By design and inspection, and the evidence of factor analysis, the measures can be seen to have face validity for measuring Gc and Gf constructs. The Gc tests measure knowledge derived from the culture. The Gf tests measure reasoning with materials that are not likely to be sensitive to notable individual differences in acculturation. The relationships to age for Gf are distinctly different from the corresponding relationships for Gc. The averages for Gf peak somewhere between ages 17 and 24 years, and decrease through the rest of adulthood, at first gradually and then more rapidly in advanced old age. The averages for Gc increase through young adulthood and do not decrease to any substantial extent until after age 65 years. The findings thus are substantially in agreement with conclusions based on previous research that relative "to the Gc abilities, the Gf abilities decline first, decline over the longest period of adult development, and decline most" (Horn et al., 1981, p. 39) .
The results add to previous findings in suggesting that Gc may not increase through the middle years of adulthood, as has been found in previous research, and may decline earlier and to a greater extent than has previously been found and specified in Gf-Gc theory. The decline seen in KAIT-Gc measures from age 65 years onward is quite comparable to the decline seen in KAIT-Gf measures. The KAIT measures of Gc appear to involve somewhat more reasoning of the kind measured in Gf, however, particularly in measurement of processes of formal operations. Increased measure of Gf in KAIT-Gc may account for the finding of little improvement in these measures in middle adulthood and notable decline in late adulthood.
The aging decline found with the KAIT measures of Gf is somewhat less steep than has been found with the Wechsler Performance Scale. The decline found with the Performance Scale is largely due to decline of cognitive/perceptual speediness, Gs, which is prominent in the Performance Scale measurements. The Gs component is substantially smaller in the KAIT measures of Gf, and this probably accounts in part for the smaller aging declines observed with these measures compared with the declines observed with the Performance Scale.
The KAIT-Gf aging decline is also somewhat smaller than has been found in Horn's research with tests specifically designed to reveal the decline. The difference between the two sets of findings in this case may be due to the KAIT-Gf involving somewhat more of skills learned through acculturation than is true for the measures in Horn's studies. This hypothesis can be tested by comparing age differences for KAIT measures with those from Horn's research, a task for future research.
In this study, older individuals, on average, had less formal education (as self-reported) than younger individuals, as expected, of course. Differences in education were associated with somewhat lower Gf and Gc scores among the older individuals. Among those over 70 years of age, particularly, the averages of ability scores could be seen to be decreased between 3 and 5.5 IQ points as a function of education differences. The largest decreases were for Gc in the groups of the oldest persons. Statistically controlling for these differences did not appreciably change the basic conclusion that Gf declines over most of adulthood, nor did it produce notable increases in the averages for Gc.
Few gender differences were found in performance on KAIT. There were no notable Gender x Age interactions. The few gender differences that did appear suggest that, perhaps, men are more adept than women in recognizing Famous Faces, doing a Logical Steps test, and remembering Block Designs, while women have an advantage in understanding Double Meanings. The gender differences are very small, however. They could very well represent the interests of the test constructors. This study is cross-sectional and, therefore, has well-known limitations for making strong inferences about age changes. Longitudinal studies with appropriate methods would help to firmly establish that the between-person differences seen in this study (and other cross-sectional studies) indicate within-person changes. It is noteworthy in this respect that for the most part the longitudinal results of previous research on Gf and Gc capabilities have been consistent with comparable results obtained with cross-sectional designs (Horn & Donaldson, 1980 , for review). More recently, Kaufman (1990) has shown that the characteristic pattern of decline found for the Performance Scale of the Wechsler tests is very similar to the decline found with essentially the same scale in an independent-sample longitudinal study over a 25-year span --i.e., using independent samples from the same age cohorts, rather than comparisons of repeated measures of the same persons.
Finally, too, the results of this study need to be interpreted within an historical perspective (Donaldson & Horn, 1992) . The data of this study were obtained between 1988 and 1991. The most recent WAIS-R cross-sectional data and much of the data of Horn's studies and the studies reviewed by Carroll (1993) were obtained a decade or more earlier. A subject of 70 years old in the present study would have been born about 1920; one 70 years old in the Horn-CatteU (1966) study would have been born about 1895. Much has occurred in health practices, as well as in education, over the course of this century. Flynn's (1984 Flynn's ( , 1987 results suggest that the averages of scores on intelligence tests increase as much as 3 IQ points per decade in the U.S., and these increases have been as large for putative measures of Gf as for putative measures of Gc. An explanation for these increases has yet to be found, but Flynn's findings must caution interpretation of age differences such as have been adduced in this study. These age differences very possibly reflect influences operating over historical time.
